ABSTRACT This paper describes the geometric and statistical properties of areal object under randomness. In order to describe formally such a uncertain topological relation, a new formal model (i. e. 4ID model) is proposed. On the basis of this, the effects of positional uncertainty on topological relations between areal objects are investigated in detail. Some possibility functions for the determination of relations are constructed based on the assumption that randomness of point location complies with a normal distribution, and the concept of uncertain sets of topological relations under randomness is introduced.
Introduction
scribe areal objects with random errors, and how to define the concept of random sets.
One of the most fundamental properties of spatial objects in the real world is topological relationship, which has been widely investigated in GIS in recent years E*'27. Existing work is based on crisp sets and involves general topology such as algebraic and point-set topology. However, there are inevitably errors or uncertainties in spatial data, which are used to represent reality worldEa 61. Those errors or uncertainties cause a suspicion for correctness of topological relations obtained by reasoning from observation data E7'8].
In this paper, we study the formal description of topological relations between areal objects represented by spatial data with random positional error. The questions which will be answered in Eq. (2) is the famous Eula theorem, which is often used for check of topological inconsistency.
Below we apply it to analyze changes of graphic structure under the effect of uncertainty. In Fig. l ( a ) , it satisfies Eq. ( 2 ) , but not for Fig. 1 ( b ) . This is mainly because uncertainty breaks the connectivity of adjacent graphs. 
where m is a p a r a m e t e r of splitting ratio of dis- interpolation point on line or area will also comply with a normal distribution. F u r t h e r m o r e , a whole line will be regarded as a normal random process, an area as a normal random field Eg~.
And more, the projection of a normal random field in a 2-dimensional plane is a donut, which is also called as g-donut in this paper, a s i s seen in Fig. 2 . 
Modeling randomness of graphic data
For uncertainty of positional data, there are considerable research documents E~J. H e r e , we only focus on spatial entities with definite boundary locations in the real world. In general, its positional uncertainty is mainly from digitalization, scanning, field m e a s u r e m e n t and others.
T h e r e f o r e , we may assume that uncertainty of graphic data is random error. In spatial databases, a point, P~, is measured by (3:, y) in a 2-di- 
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